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RESEARCHMEMORANDUM

PRELIMINARYINVESTIGATIONOF

SCOOPINLETWITHSWEPT

LOWDRAGM’ A MACH

A RECTANGULARSUPERSONIC

SIDESDESIGNEDFOR

NUMSEROF 2.7

ByRaymondJ.ComenzoandErnestA. Mackley

SUMMARY

A preliminaryinvestigationof a swept,rectangular,supersonic
scoopinletdesignedtohave10w externaldragatthedesignMachnum-
berof 2.7hasbeenconductedattheLangleyAeronautice3.Laboratory.
Theinletwastestedwithtwosimulatedfuselageshavingcircularand
rectangularcrosssections.Variousmethodsofboundary-layerremval
wereemployedwiththerectsngular-fuselageconfiguration.Pressure-
recoveryandmass-flowdataarepresentedforanglesof attackof -5°,
0°, and5° atMachnumbersof2.03and2.71. A fewresultswereobtained
at a Machnumberof 3.12forthesimulatedfuselageof circularcross
section.

Themaximumvaluesof total-pressurerecoveryattainedat & angle
of attackof @ wereO.gO,0.77, and0.58forfree-streamMachnumbers
of 2.03,2.71,and3.12,respectively,withcorrespondingmass-flow
ratiosof 0.60,0.92, and1.0. Thepointofmaximumtotal-pressure
recoveryalsocorrespondedto thepointSustbeforetheonsetof “buzz”
orunsteadyflowand,becauseof thisinstability,novariationinmass
flowispossiblenearmsximumpressurerecovery.,A mes+sofvariable
geometry,a triangular“pie-shaped”wedge,wakinstalled’inan attempt
to obtaina variationinmassflowwhilemaintaininga highpressure
recovery.Ingeneral,deflectionof thewedgedelayedtheonsetofbuzz
to a lowervalueof enteringmassflowattheexpense.ofa smallreduc-
tioninpressurerecovery.Boundary-layersuctiongavealmostno change
intotal-pressurerecoveryatMachnumber2.03andan increaseintotsl-
pressurerecoveryof approximately8 percentatMachnumber2.71.Mach
numberdistributionsinthesubsonicdiffuserareslsopresented.

,



2.

INTRODUCTION

NACARML52J02

Theprimaryobjectof supersonicinlets.forair-consumingengines
isto deceleratetheairfromsupersonicto subsonicMachnumberswith
highpressurerecoveryandlowdrag.Variou~methods.ofobtaininghigh
pressurerecoveryandlowdraghavebeenutilizedwithgoodresultsin
therangeofMachnumbersbelowapproximatelytwo. Iqreference1,an
inlethavingall-internalsupersoniccompressionwaspresented,andthe
criteriaforthe“starting”processof simpleconvergent-divergentsuper-
sonicinletswasdiscussed.A differentapproachtothedesignof super-
sonicinletswasintroducedinreference2,revealingWe beneficial.
effectsofexternalcompressionontheinletstartingandoperatingchar-
acteristics.A modificationtotheconvergent-diverge@inlet,consisting
ofperforationsaboutthecircumferenceof theinletandincorporatinga
contractionratiogreaterthanthelimitingvaluegiveninreference1,
ispresentedinreference3. .

In 1944, Oswatitsch(ref.4]consideredthepossibilityofair-
consumingenginesasa meansofpropulsionathigherMachnumbersand
designedau inletfora Machnumberof 2.9. A theoreticalanalysisis
presented(ref.4) inwhichOswatitschrecognizedtheinlet-starting
limitationsdueto therequiredcontractionratioandalsotheimportance
of externalcompressionto obtainhighvaluesofpressti~erecovery.The
double-spikedOswatitschinletwastestedata Machnu@er of2.9,anda
highvalueofpressurerecoverywasobtained-withmoderatedrag.

At a laterdate,FerriandNucci(ref.5) madecom~rehensivetheo-
reticalandexperimentalanalysesonthesingle-coneinlet”(commonly
calledFerritype).Numerousvariationsof coneangle,cowldesign,and
intern@.contractionsweretestedatMachnumbersof2.45,2.75,and3.30.
In’reference5, thedifficultiesassociatedwiththe~esignof a conical
inletfortheseMachnumbersincomparisonto–lowerMachnumbersis
thoroughlydiscussed.Inorderto attainhighvaluesofpressurerecover-y
atMachnumbers“above2.4,thedragof conicalinletdesignsappears
excessive.Thishighdragisprimarilycausedby thelargecowl-lip
amglesrequiredwhichresultinhighpressureson theexternalsurfaceof
thecowl.

Therectangularscoopinletfora Machnumberof 2;7discussedherein
wasdesignedtohavea valuedfpressurerecoverycomparableto conical
inletsbutwithmuchlowerdrag.“Asimilartfieinletdesignedfora
Machnumberof1.9 waspresentedinreference-6.Theconfigurationtested
inreference6 wasnotcompletelystartedand,thereforethemaximuuvslue
ofpressurerecoveryobtainedwasmuchlowerthan’thatoftheconicalinlet
testedinreference2. Dr.AntonioFerridesignedtheinletdescribed
hereinandinitiatedthepresentinvestigation.
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Thepurposeofthisinvestigationwastodeterminethecharacteristic:

of thisrectangularscoopinletdesignedfora Machnumberof2.7. The
* dataincludetotal-pressurerecovery,massflow,andshadowphotographs

forMachnumbersof2.03,2.71,and3.12atanglesofattackoft5°and0°,
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SYMBOLS

free-stresnMachnumber

subsonic-diffuserexitMachnumber

ratioof totalpressureatexitof subsonicdiffusertofree-
streamtotalpressure(thepressure-recoveryratiowascal-
culatedon a weightedmass-flowbasis)

ratioofmeasuredmassflowtomassflowthrougha free-stream
tubeof cross-sectionalereaequaltotheinletfrontalarea
attheMachnumberconsidered(thefree-stresm-tubeareadoes
notincludethefrontalareaoftheboundsry-layerbleedfor
theoffsetfuselageconfiguration)

ratioof themeasuredmassflowthroughtheboundary-layer
bleed-offslottothemeasuredmassflowthroughtheinlet

pressureliftcoefficientofwedgebasedontheinletfrontal
sxea

angleof attack

wedgedeflectionor
*

Reynoldsnumber

wedgeangle

AERODYNAMICDESIGN

Drag.- Considerfirsta two-dimensionalnoseinlethavinghigh
externalcompressionwitha shockpatternas showninfigurel(a). This
typeinletc& havea highpressur~recoverysndwillhavehi~ L&&
becauseoftherequiredlsrgecowl-lipangle.Replacethestreamlinea-a
thatwetsthesurfaceof thecowlwitha solidboundarywhichcanbe con-
sideredtorepresenta fuselage(fig.l(b)).A scoopinletisthusformed. havingthesameinternalaerodynamicdesignas thenoseinlet(fig.l(a))

.
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butwithmuchlowerdrag,since”theexternalshockcau-sedby thecowl
&

lipno longerexists.Thisscoopinletwillretainthehigh-pressure-
recoverycharacteristicsof.thenoseinletbutwithmuchlowerdragpro-
videdtheinletwillstartwiththecontractionratiorequiredinthe

.—.

designconditionandtheadverseeffectsofthefusel~eboundarylayer
areeliminatedby suctionor othermeans.

starting phenomena.-A criticalpartof theoperationofthistype
of inletisthestartingproqess.Theinlet.isconsideredcompletely
startedinthedesigncondition,inwhichthefirstshockwavefromthe
compressionsurfaceliesjustinsidethesidewallsallthewaytothe”
upperlipwitha mass-flowratio~W ofunity.StartingWinite
two-dimensionalandaxiallysymmetricinletshavingexternalcompression
isaccomplishedbymeansofthespillagearoundthecowlwhichallows
thefrontalshocktomoveto thecowllipinthestsrtingprocess r.
(fig.2(a)).Ifthesidewsllsof thetwo-dimensionalscoopinlet
(fig.l(b)) wereclosedatAB,itwouldoperateas a simpleconvergent-
divergentdiffuser;however,thecontractionratioassociatedwiththis
typedesignwouldbe higherthsmthelimiti@valuegi~eninreference1,
and,therefore,theinletwouldnotstd. Ifthesidewsllswereswept
backalongthelineAC, (asindicatedinfig.l(b)),thestsrtingphe-
nomenawouldbe differentandcanbe qualitativelydiscussedwiththe
aidoffigure2(b). Sinceihefuselagenowi.sina positioncorresponding “
tothatof thecowllipin infinitetwo-dimensionalandconicalinlets,
spillagedoesnotoccurovera similarlip;however,spillagecanoccur
laterallyoroutthesides,

,.
sincetheinlethasa finitewidth.

.-.
Consider “, _

a sectionLM (fig.2(b))fora givenpositionof thenormslshockP. .
Theleadingedgesofthesidesoftheinlet“XNarefar-fromtheshock;
hence,spillagecar”occuroutthesidessothattheinletcanstart.The .“
amountof spillageisa functionof thewidthandheightoftheinlet,“-
sweepbackofthesidewalls,aidshapeofthefuselagejFora given
designMachnumber,decreasingthewidtho~-%heinletmakesthestarting
problemeafiier.Ar.approximatetheoreticalanalysisofthestartingphe-
nomenaisdifficult;therefore,amexperiment.investigationhasbeen
initiatedwiththeinletpresentedhereinbeimgthefirstofa series@
be tested.

Internal.design.-Theinletdesignfor&’Machnumberof 2.7consis-tid “
of an initialangleof 14°anda totaldeviationof28°.0btainedby gradual
compression.(Seefig.3.) Theinitial.sngleof 14°wasselectedasa
reasonablevaluefromtheviewpointoftheoreticalpres”surerecovery.The
Machnum~erbehindthelast.isentropiccompressionwave”wasapproximately
1.6. ThisMachnumberwaschosenfairlyhighto allow~fortheuncertainties
of theeffectofboundarylayeron thestsrtingphenomena.Theinitial
shockwaveandtheisentropiccompressionwavesweremadeto coalesceat
pointEl[fig.3). Theuppersurtacewasthenturnedinthedirectionof
theflow,anda relativelylongminimumsectionwasusedfornormsl-shock

.
—
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stabilization.Thesubsonicdiffuserhada divergenceangleof8°
betweentheupperandlowersurfaceswiththewidthof theductbeing
constsnt.

Vsriablegeometry.-hitialtestsindicatedthatsubcriticalopera-
tionattheMachnumberstestedwasnotpossible;thatis,almostno
vsriationofmassflowwithincreasingbackpressurewaspossibleat
~ = 2.03 and M. = 2.71 becauseofflowinstabilityorbuzzphenomena.
Hence,a methodofvariablegeometrywasincorporatedforthepurposeof
obtainingsomevariationinmassflow. Thevariable-geometryschemecon-
sistedof a “pie-shaped”triangularwedge(fig.k) locatedinthesimu-
latedfuselages.An sngl.eof approximately34°waschosenfortheapex ‘
of thewedgeto assureshockattachmentat M = 2.0. A triangularshape
wasusedprimarilybecauseofdragconsiderationsandthepossibility
of divertingtheboundarylayerofthefuselagesroundthesidesofthe
inlet.

MODELANDTFSTS

Theinvestigationwasperformedinblowdownjetsof theGasDynamics
Branchbyusinglow-humidityairfromlargepressurizedtsmlcs.Thetest
sectionsusedforeachMachnumberandcorrespondingReynoldsnumibersare
showninthefollowingtable:

M Testsection R, perinch

2.03 6x70pen 2.03x 106
2.71 6 x 5 closed 2.21X 106
3.12 9 x 8 closed 2.41X 106

Model.- Themodelwasconstructedintwoparts,inletand’simlated
fuselage.Thiswasdonetiorderthatthefuselagecrosssectioncould
be changedfromrectangularto cficulsrinfrontoftheinlet(figs.4
sad5). A pie-shapedtriangular-shapedwedgewasplacedintherectan-
gularfuselagepivotingaboutpointA (fig.6) andthusprojectedthe
apexintotheairstresma certainheightB. Thisheight,(thatis,the
wedgeangle)wasvsriedforthetests.b thecaseof thecirculsr
fuselage,wedgesof threedifferentheightsat theapexwereplaced
separatelyonthefuselagegivingapproximatelythesameeffectasthe
movablewedgeintherectangularfuselage.Static-pressureorifices
wereplacedintheexposedsurfaceof thewedgeusedintherectangular
fuselage(fig.7). Thesemeasurementsweremadeto obtainsomeindica-
tionof theloadstobe expectedon thewedge. --

wm!mm?m’
I
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Jw&fi.- Testswererunatthreedifferentanglesof
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attack(t5° .=

and0°)withtheentiremodelandpipinghinging&boutpointC!(fig.6).
Theportionofthetunnelboundarylayerinfrontofthescoopwas

—

removedby theforwardportionofthesimulqtedfuseltigesforbothrec-
.

tangularandcircularsection,as indicatedinfigures4.and5. Because
ofthespillagearoundthecircular-fusela&econfigur~tioritested,no_
otherprovisionwasmadefortheremovalofthebound~ylayeronthe
circularfuselageinfrontoftheinlet;however,thefollowingtests
weremadewiththerectangular-fuselage,configuration; --

1.Fuselageboundarylayerremovedbymeansofa“’’bleed-offslot”
locatedjustaheadofthepointof shockconvergence(fig.h(a))with
suctionbeingapplied.Thisconfigurationisreferredtoastheflush-
fuselagecondition.

2.Thebleed-offslotsealed,withthefuselageconditionstatedin
1 abovesothatthereisnoboundary-layerremovalexceptthatpossibly
causedby thedeflectionofthewedge. —

3. Thefuselagesectionmovedupwardrelativetotheinlet(fig.h(b))
smdthe“slot”open.Testswererunwithsuctionappliedandthebleed-
offslotopento atmosphericpressure.Thestaticpressureinfrontof
thebleed-offslotwasgreaterthanatmosphericfor M . 2.03 md lower - “
thanatmosphericfor M = 2.71.Thisconfigurationisreferredto asthe “-”
offsetfuselagecondition. *.

Measurements.-Thetotal.andstaticpressuresweremeasuredinthe
subsonicdiffuser,andthemassflowthroughthemodel”wasmeasuredby” —.
a calibratedorificelocatedbetweepthe‘pressure-measiiringstationa-d
thethrottlingvalves(fig.6). Thetotaltemperature-wasalsomeasur6d
neartheorifice.Thepressuresattherakemd orificewereindicated
on gages,anda mercury-filled“U”tubewasusedtomeasurethediffer-
entialacrosstheorifice;whereasthepressuresatthesmallOri.fices.
inthewedgewereindicatedonmercurymanometerboards.Themassflow
throughthebleed-offslotwasmeasuredbymeansofa venturiwhensuc-
tionwasapplied.Allreadingswererecordedphotographically.Thepres-”-
suremeasurementstakenareestimatedtohe accuratewithin1 percentand
givepressure
andmass-flow

recovery(whichwasobtainedona weightedmass-flowbasis)
ratiovaluesaccurateto ~2percent.

ANALYSISANDDISCUSSION

Shadowphotographs.-Shadowphotographs-ofallcoi@igurationsinves- “‘—
tigatedarepresentedin”figures8 to13. Wheneverpossible,reference
willbemadetotheshadowphotographsinordertoexplainthepher&uena ●

.-- .
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intheanalysis
figure8(b)are

7

ofthedata.Thedisturbanceslabeled(a)and(b)on
dueto a poorjunctionbetweentheglassandsidewslls

andexistonlyalongthesidewallsof thetunnel.Theyarealsonotice-
ableinfigure9(a)for M = 2.03.Disturbanceslabeled(c)and(d)
(fig.8(b)) originatefromtheforwardportionof thesimulatedfuselage
=d thejunctionbetweenthefuselageandnozzleblock,respectively.
Inallothershadowphotographsthedisturbancefromtheforwardpcmtion
of thesimulatedfuselageexistsforallconfigurationsandMachnumbers
investigated.Thisdisturbance,a portionof whichenterstheinlet,is
believedtohavea negligibleeffectontheinletcharacteristics.

Fressurerecovery.-Figure14presentsthemaximumpressure-recovery
valuesatOo andt50anglesof attackfortheMachnumbersindicated.A
pointofprimeimportan~eisthefactthatthemaximumtotal-pressure
recoveryisobtainedjustpriorto theonsetofbuzzorunsteadyflow.
Thus,whenoperatingatmaximumpressurerecoverya smallreductionin
enteringmassflow(thatis,an increaseinbackpressure)couldcause
a suddenandmuchlargerdecreaseinenteringmassflowwitha corre-
spondinglargeincreaseindrag.Theexperimentalpointsareconnected
by a continuouscurve;however,thiscurvemaynotbe strictlycorrect
sincetheflowphenomenamayinduceinstabilityorunsteadyflow,or
separationmayoccurdifferentlyatMachnunbersotherthanthosetested.
Inthediscussion,however,it isassumedthattheinletoperationis
steadyandcontinuousthroughtheMachnumberrsnge.Fromfigure14 it
canbe seenthatthepressurerecoveryislowerforthe-5°angleof
attackthanforeither0°or 5°anglesof attack,exceptfortheoffset
configurationoperatingat ~ = 2.71 withthebleed-offslotopento
atmosphericpressure.Thelowerpressurerecoverythatexistsatan
angleof attackof -5°formostof theconfigurationstestedat ~ = 2.71
and2.03 (fig.14)isprimarilydueto theseparationthatexistsonthe
fuselagesheadof theinletas shownby theshadowphotographsinfig-
ures8 and9. A low-pressureregionispresentonthesurfaceofthe
fuselageatthisangleof attack,andtheboundary-layerairtendsto
accumulateinthisregion.Inaddition,thehighpressuregradient(due
to thecoslescedcompressionwaves)aggravatesthisconditionandinduces
separation.

A possibleimprovementthatcanbe appliedto theoriginaldesign
isthatof snowingthecompressionwavestobe spreadoutas indicated
on figure15 incontrasttohavingthemcoalesceas shownonfigure3.
Thischangemighttendto reducetheflowseparationandtendto improve
theoperationatMachnumbersabove2.7. Thecompressionwavesat
MO = 3.0 tillbecomemoreobliquethanshownon figure3 butwillnot
coalescedownstreamof theinsideductsurface(fig.16);hence,less
expansionisrequiredaroundthecorner.Theinternalcontraction,how-

. ever,limitstheamountthatthecompressionwavescanW spreadout
becauseof increaseddifficultiesinthestsrtingprocess.

.-

*
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Fromtheshadowphotographsoffiguren(b) at thedesignMachnum- F

berof 2.71,itcanbe seenthat theinletisnotcompletelystartedin “
theoffsetconfiguration;how6ver,thisconditionapTearstohavea . :.
negligibleeffecton thepressurerecovery.Thefailureoftheinlet
to startcompletelyisbelievedtobe duetothebleed-offslotbeing
of poordesign(theshapeoftheslot(fig.4)wasdeterminedby the
modelstructureandnotby aerodynamicdesign).As q result,thedevia- -
tionrequiredof theflowenteringtheslotwasexcessive.

intheoffsetconfigurationwiththebleed-offslotopento atmos-
phericpressurethepressure.recoveryatMachnumber2.71ishigherfor
-5°angleofattackthaneither0°or5° angle-of-attackconditions.
TheMachnumberon thesurfaceof thefuselageishigherfor a = -5°.
thanfor a = 0°orso. Thedetachedshockwaveoccursaheadofthe
inletupperlipas a resultof thetotalflowdeviatimrequiredand
hasa lessereffectontheinletpressurerecoveryat q = -5° because‘-
lessofthelow-energyairbehindthedetachedshockwaveentersthe
inlet.

A pointof interestisthevortexsheetthatispresentduetothe
,intersectionoftheshockfromthecompressionsurfacewiththeshock
aheadoftheupperlipof theinlet(designated(a)infig.n(b)). This
vortexsheetisvisiblefor a = 0° and-5°,butnotveryclearfor
a= 5°● Thedirectionofthevortexsheetisintowgrdthebleed-off
slotsothatthepressureatthispointisgreatert&n atmosphericand
theairisflowingawayfromtheinletandintothebleed-offslot.

Inthedesigncondition>~ = 2.71 and a = 0°~thecircular-
fuselageconfi’~rationattaineda pressurerecoveryof0.77(fig.14);
whichwasthemaximumvalueof allconfigurationstested.

(

Thelowest
Po‘

valueofpressurerecovery~ =
)

0.725 wasobtainedfortherectangular
o

fuselagewiththebleed-offslotsealed.Thepressurqrecoveriesfor: ~
allotherconfigurationstestedat ~ = 2.71 and a.= O liebetween
thevs,luesquotedandareindicatedinfigure14. The.effectof @E.
of attackat ~ = 2.71 wasto decreasethe”maximumvalueofpressure
recoveryapproximately5 percent.

At Mo=2.03 and a= 0° (fig.14), themaximfiandminim~v~ue6””-
ofpressurerecoveryobtainedwere0.90and0.86fortheoffsetfuselage
andflushfuselagewithbleed-offslotseai’ed,respectively.Th”effect
of angleofattackonpressurerecoverywasnegligible_for a = 50 and
decreasedthevalueofpressurerecoveryapproximately-8percentfor
a= -5°●

Onlythecircular-fuselageconfiguratio~wastestedat ~ = 3.12”””
sinceitproducedhighervaluesofpressurerecoveryinthedesign

.—.—.-----
~~

.-

.

<’

.—

—

●
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& condition,a = 0° and ~ = 2.71,thanany
testeal.Thecircular-fuselageconfiguration

of the
tested

9

otherconfigurations
hadgoodstarting

characteristicsbecauseair~f a sta~icpressureslightl~higherth~
freestresmreadilyspilledaroundthef&elage. Th=fa~ri~ofthis
fuselagewiththeinletsidewalls(thesidewallsbecometangentat
themmdmumdiameterof thefuselageinfrontof theinlet)canbe seen
inthephotographoffigure5(a). Thefairingisimportantat M. = 2.71
becausethefuselageboundary-layerspillagethatoccurshelpstoprevent
separationnesrtheupperlip.

Withtheinletoperatingat ~ = 3.12,thefree-streamMachnumber
isfurtherincreasedby thepresenceof anexpansionaboutpointB (shown
infig.16);therefore,thelossesincurredacrossthenormslshockare
large.It isbelievedthatsomeseparationexistsinthediffuserwhich
effectivelycausessomeinternalcontractionandthepressurerecovery
isaidedslightlyinthisconditionof oyeration.

Figure17 comparesthevaluesofpressurerecoveryat a = O for
thecircular-andflush-fuselageconfigurationswiththatof a conical
inletdesignedforeachrespectiveMachnumberWere a symbolis indi-
cated.Thepressurerecoveryof theinlettestedhereinisapproximately

. thessmeasthatofthebestconicalinletsfrom ~ = 2.0to2.5(refs.2
and~) andslightlyhigherfrom % = 2.5to 3.0. Above ~ = 3.0 no
directcomparisoncsnbemade,butit~ be safeto saythatthepres-

. surerecoveryof thisparticularinletwillbe lowerthanthatofthe
bestconicaltypes.Inletsdesignedby thecriteriapresentedherein
fora Machnumberabove3.0,however,shouldattainpressure-recovery
valuesequsltoor abovethatpossibleforconical-typeinletsofthe
samedesignMachnumberandhavelowerdraginthedesigncondition.

Wedgeeffects.-Forallconfigurationsdiscussed,theenteringmass
flowcannotbe variedfromthatforwhichmaximumpressurerecoveryis
obtainedbecauseoftheinstabilityor buzzphenomenathatisencountered.
Variationofmassflowmaybe necessaryinboththedesignandoff-design
conditionsinorderthattheinletmightefficientlymeettheairrequire-
mentsoftheengine.Sincethepressure-recoverycharacteristicsof this
inletappearedpromising,a methodofvsriablegeometrywasinstalledin
aD attemptto improvetheoperationof theinletthrougha rangeofMach
numbers.

Whenthewedgeisprojectedintothestresmina smallamount,the
airstreszninfrontof theinletandnextto thefuselageisdeflected
by thesidesofthewedgewithaccompanyingobliqueshockwaves.The
deflectedairat increa~edstaticp~sske–flows-upwardto
regionontheverticalsidesofthefuselageandtheiql.et
flowthenisdecreased.. As theapexofwedgeisprojected
further,however,thestaticpressureonthebottomof the

thelow-pressure
enteringmass
intothestre~
wedgebecomes
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lowerandairat a higherstaticpressureon.thesides“ofthewedge ..
r

flowsdownintothislow-pressureregionasKen asoutwardandupward. ,
Althoughmoreof thefree-streamtubeisdef~ectedout%.rdattheapex

--

ofthewedge,theeffectivenessata large
“.

6W
—

isdecreased.

Theeffectofwedgedeflectiononthep~essurere~overy”sndmass-”’
flowratioat ~ = 2.o3 is showninfigure18. Generklly,thedeflec-
tionofthewedgehasa negligiblee?fecton””thepressurerecoveryfor-
allconfigurationstestedat a = 0°, a = -5°,ad thecircul~ad .._
rectangularfuselagewithbleed-offslotsealedat a ~~”. Thepressure
recoveryincreases,as showninfigure18, forwedgea@lesup toabout
6° andthendecreasesforwedgeanglesaboye”6°. —. .

In someinstates,at Mo = 2.03,thedeflectionof thewedge has
anappreciableeffecton theinletenteringmassflowasevidencedby
thedatainfigure18. Thediscussionofthisvariationandthecorre-
spondingeffectonpressurerecoverymaybe clarifiedwiththeaidof
figure19. Thepointson thesolidportionof thecurvgscorrespondto.
themaximumvaluesofpressurerecoveryattafiableforgachconfigura-
tion. Thehackpressureisincreased(asindicatedby thedottedlines
for ~ = 0°,figs.19 smd21)untilthepointofmaximtipressure .-—
recoveryisobtainedwhichalsocorrespondstotheconditionprecisely .
beforetheonsetofbuzzor.unsteadyflow.

Mass-flowandpressure-recoverycharacteristicsof--thecircular-
.—.—..—.

fuselageconfiguration(fig.19(a))for ~ = 2.03 are”unaffectedby
wedgedeflectionatallanglesof attacktested.Ther~asonforthe

—.

wedgebeingineffectiveforthisconfigurationisbelievedtobe that
thewedgeiscompletelyimmersedintheseparatedregion,as shownin

—

theshadowphotographsoffigure12.
,.

Incontrast,forQtherconfigura-
tionstestedthewedgeapexis slightlyforwardof theseparatedregion
(fig.13). Shouldtheapexof thewedgebeplacedfartherforwardof
theseparatedregion,itisbelievedthatitseffectonthemassflow _ ~ .._.~
enteringtheinletwouldbemorepronounced.

Fortherectangular-fuselageconfigurationsthege~eraleffectof
—.

increasingthewedgedeflectionistodecreasethemassflowandpressure”
recoverya smallsmount(fig.19). At a = so theeffectivenessof the._
wedgeinvaryingthemassflowisimprovedover a = 0°;Abutwithincreased-
lossinpressurerecovery;at a = -5° thewedgeislesgeffectiveIn
varyingthemassflowthanat a =

.
0° withle~slossinpressurerecovery.

For l& = 2.71 theeffectof an increaseinwedgedeflectionisto
decreasethepressurerecoveryandmass-flowratiooftheinletatall
anglesof attackinvestigated(fig.20). Thecorrelatedvariationof
pressurerecoverywithmassflow.fora changeinwedgedeflectioncan 6

..-— --
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bestbe seenonfigure21. Figure21alsoshowsangleof attackhas
lesseffecton themassflowandpressurerecoveryat ~ = 2.71 than
at&= 2.03 andthatthevariationofmassflowwithwedgesngleis
nonlinear.

Thecomparativechangesinmass-flowratiosndtotd.-pressure
recoveryfrom 5W= 0° to themsximumwedgedeflectiontested(~m)
for ~ s2.03 ~d ~ = 2.71 arecompiledinthefollowingtablefor “
11 snglesof attackandconfigurationstested:

Configuration

Circularfuselage

Flushfuselage
“bleed-off”slot
sealed

Flushfuselage
suctionapplied

Offsetfuselage
suctionapplied

Offsetfuselage
“bleed-off”slot
opento atmos-
phericpressure

a,
deg

-5

;

-.5
0
5

-5
0
5

-5
0
5

-5
0
5

0.000
.000

-.003

.000
-.055
-.055

-.oy
-.130
-.120

-.002
- ●045
-.110

-.045
-.070
-.090

P
A%

-0.010
-.015
-.002

.000
-.010
-.000

-.010
-.022
-.050

.000

.003
-.025

.000
-.015
-.032

% msx

13030‘
13030f
13030‘

15030‘
15030‘
15030‘

15030‘
16°30I
16°30I

16°
16°
170

160301
~60

16°30’

MO= 2.71

-0.OE!O
-.180
-.190

-.110
-.140
-.170

-,200
-.160
-.110

-.095
-.040
-.040

-.110
-.135
-.065

-0.020
-.100
-.090

-.050
-.120
-.100

-.065
-.120
-.055

-.060
-.040
-.020

-.060
-.050
-.035

%-

13030f
13030‘
13030‘

15030‘
150301
15030‘

170
170
15030r

16°30r
16°45‘
16°30r
~6°45I
17030‘
17030‘

wheretheprefixA indicatesthechangecausedby increasingthewedge
deflectionfrom ~ = 00 to bwm= smdthenegativesignindicatesa
lowervaluethanthatattainedat ~ = OO.

Thewedgeeffectsdiscussedpreviouslyabovearefora specific
wedgeandcannotbe consideredto applygenerallybecausethegeometry
andplacementof thewedgesreimportanttotheeffectivenessinreducing
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•a

themassflowandkeepingthepressurerecoveryhigh. Oenerally,the
apexofthewedgeshouldbe aheadof thepointwhereboundary-layer
separationoccursfor ~ = 0° andshouldhavea smailangleforshock. .—.
waveattachmentandlowdrag.

—
-.

Drag.- Althoughthedragoftheinletwas notme&suredinthis
investigation,theinletwasdesignedsothatatthedesignMachnumber

“ andangleof attacktheinitialshockwavefromthecompressionsurface
shouldbe justinsidetheinletsidewalls.Theexternalshockwaves
andresultingdragwouldthusbe reducedtoa minimun-andthedesign
mass-flowratiowouldbe unity(thatis,no spillage).Inthisinves-
tigation,however,spillage(shownbyvaluesof ~~ infig.21)was
presentbecauseofvaryingamountsof separationneti(theupperlipof
theinletandthefirstshockwavefromthecompressiqmsurfacebeing
slightlyinfrontoftheinlet-sidewalls(figs.8(b)and9(b)).A
reductioninthisspillagewouldreducetheaccompanyingdrag.

At ~ = 2.03 themass-flowratioisnevergreaterth~ 0.7~_
isapproximately0.6atthepointofmaximu&pressu=~ecovery(fig.19)
showinga largeamountof spillagewhichwouldbe expectedto causehigh
drag.A possiblesolutionat ~ = 2.03 istovarythegeometryby
changingthelowerlipangleandinletfrontalarea.‘- --

Boundary-1ayercontrol.-‘l!hemassofairremovedbytheboundary-
layerbleed-offslotwasvariedateachMachnumberfq~eachan#e of d-

attacksndwedgedeflection.Figure21presents‘thep~essure-recovery
dataasa functionoftheratioof themeasuredmassflowthroughthe
bleed-offslottothemeasuredmassflowthroughtheinlet.Thiscom-
parisoncanonlybemadefortheflush-fuselageconfiguration.As indi-
catedonfigure22(a)for ~ = 2.03,suctionimprovedthepressure
recoveryfor 8W = 0° and 5W= 5° ad hada negligibleeffectORthe
higherwedgedeflection,whereasa positiveangleofa~tackof 5°
increasedtheimprovementanda negativeangleof attackof5°decreased
theimprovement.Figure22(b),for ~ = 2.71,a = 0°) 8W= 0° shows
an improvementinpressurerecoveryup to a relativemass-flowrati~ ““ .
throughthebleed-offslotof approximately0.03andthenno further

—

improvementastherelativemassflowisincreased.H+@ valuesof mb/~
causedno apparentdecreasein inletenteri&massflowat ~ = 2.03; ,

at M. = 2.71 therewasno apparentdecreaseininlet-enteringmassflow
below ~/~ of approximately0.05.

Theminimumamountof suctionneededforthemsxiniiumi~rovement ““ ‘“_
inpressurerecoverybecomesimportantwhen~~oundary-layercontrolis~“
consideredforaircraft.Themintiumratioof themassflowthroughthe

●

.
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bleed-offslottothemeasuredmassflowinto
increaseinpressurerecoveryobtainedat ~

13

theinletforthemsximum
= 2.71 forallanglesof

attackandwedgedeflectionsinvestigatedispresentedintabularform:

a,
deg

% = 2.71

5W9

deg

o
4

11
16

0

;
16

0
4

10
15

0.062
.083
.093
.100

.025

.025

.025

.060

.023

.023

.025

.042

0.040
.045
.025
.025

.040

.Oyl

.070

.040

.020

.030

.075

.065

Theparemeter

usingsuction
(thatis,the
sealed).

A& istheincreaseinpressurerecoveryobtainedby
Lo

withrespecttotheconditionwhereno suctionwasapplied
flush-fuselsgeconfigurationwiththebleed-offslot

Machnumberdistributionindiffuser.-Presentedin figures23 .
and21 sretheMachnumberdistributionsat thecenterlineofthesub-
sonicdiffuser(whichsregenerallyrepresentativeof thedistributions
acrossthediffuser)forseveralof theconfigurationstestedatMach
numbersof 2.03and2.71,respectively.Figure23(a)denotesthe
circular-fuselageconfiguration(~ = 2.03)inwhichthewedgewascom-
pletelyimmersedintheseparatedregionthatexistsonthefuselage,
as discussedpreviously.Althoughthewedgeislocatedinthisregion,
itappears(fig.23(a))thatdeflectingthewedgeeffectivelymovesthe
separationfromthelowerto theuppersurfaceandtherebyincreasesthe
Machnumberintheregionnearestthecompressionsurface.Itappears,
thattheexpasion.fromtheapexof thewedge’ininteractingwiththe
compressionsurfacetendsto alleviatetheseparatedflowconditionthat
apparentlyexistsfor ~ = OO.
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Infigure23(b)whichrepresentstheflowinthe_3uctfortheflush- “-“
fuselageconfigurationwiththebleed-offslotsealed,itisnoticeable
thatdeflectingthewedgehada pronouncedbeneficialeffectontheflow *
nearesttheuppersurface(nearestthewedge)oftheinletanda detri-
mentaleffectontheflownearestthecompressionsurface.

—.
Thiseffect

isalsoindicatedfortheflush-fuselageconfiguratiori.withsuction
applied(fig.23(c)). Itisconsideredprobablethatvorticesemanatigg

,.

fromthesidesofthewedgealleviatetheseparatedconditionina manner ___
similartothatwhichwouldbe obtainedwithvortexge-nerators.

Thelocationofthewedgeisdifferentfortherectangular-and
circular-fuselageconfigurationsandprobablyaccounts--forthecon-

-.

trastlngeffectsontheinternalflowoftheinletat & = 2.03.As
shownintheshadowphotographsoffigure12,thewedgeon thecircular
fuselageisimmersedina separatedregionofhighturbulenceandlower

.-

Machnumberwhichtendtopreventtheformationofvorticesas strong
asthosegeneratedby thewedgeof therectangul&.rfuselage(fig.13).

For M. = 2.71,deflectionof thewedgehada noticeablybeneffci~ -
.-

effectontheMachntiber”distributionforiillconfigurations”presented
—

infigure24. TheMachnumbernearestthecompressl.onsurfacedecreases -
withincreasingwedgedeflection.Onceagainfortherectangular-
fuselageconfiguration,wedgedeflectiontendstoreducetheseparated

.—

conditionof theuppersurface(nearestthe.’dge)ofthesubsonicdif-
fuser;thusreductionin separationis.believedtobe duetotheexistence .
of thevorticesas discussedpreviously.

—

Wed8eloads.-Theliftcoefficientof thewedgeasa functionof
wedgedeflectionispresentedinfigure25.‘“Thesemea~urementsweremade r “-”.-
primarilytoobtainsomeideaoftheloadsthataretobeexpectedwith. __
thistypeof design.

Aspect-ratioeffects.-A parameterofgreatconcernintheinlet
designisthatofaspectratioortheheight-to-widthratiooftheinlet.

-.

Fortunately,forthefirsttestconfiguratiori”avalue(1:5)waschosen
thatprovedadequateforstarting;however,inmostcasesthedesigner

.—

woulddesirean inletthatprotrudesfromthefuselage“aminimum~ount~
Aspect-ratiovaluesof1.0and0.5have”been”quotedas desirable,butthe
startingprocessbecomesmoredifficultastheaspectratiodecreases.
A methodwhichisconsideredasa possibilityof impro~!ngthestsrting

—

phenomenaoflow-aspect-ratioinletsispresentedinfigure26. Theidea
involvedisto designa bypasssystemthatwouldallow.~orsomeair
spillageandhen”ce”aidthestatingprocess.The”designessentiallycon-
sistsof increasingthe”enteringfree-stream-tubeareaa smsllsmount
(say10percent)insucha mannerthattheareaof theminhurnsection
is increasedabout~ percent.Thisconditionobviouslyaidsthestsrting
processby decreasingtheover-allcontractionratioof–theinlet.The

●

.

—
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additionaldragofthebypasscanbe keptlowby carefuldesignand
theairenteringthebypassmaybe of someuse.

Applicabilityof results.-Theboundarylayerinfrontof theupper
lipof theinletisan importantfactorintheoperationofthistype
inlet.Shouldthisbound-&ylayeron anactuslcotiigurationbemuch
differentthsnthatofthemodelstestedherein,theresultsobtained
maynotbe applicable.

For*5°angle-of-attackconditions,theMachnumberdistribution
on themodelsimulatedfuselageisundoubtedlyquitedifferentfromthe
Machnmber distributionofan actualfuselagearrangement.Thesepara-
tionorboundary-layerphenomenaencounteredat a = -5° maybemore
detrimentalinthemodelteststhm wouldbe inactualflightconditions
becausesomeoftheboundarylayerof thenozzleflowsintothelow-
pressureregionpresenton thesurfaceqf thefuselageatthisangleof
attack.

Anotherpointof discussionisthatthesubsonic-diffuserdesign -
of thetestmodelisnotpracticalwhenappliedto.anactualcotiigura-
tion,sincesometurning(seefig.1)musttakeplace.soonsfterthe
minimumsection.Fromthepresenttestsitisknownthatseparation
existsontheupperandlowersurfacesof theinletendwouldbecome
moreaggravatedon thelowersurfacewhenthesubsonicdiffuseristurned
inthemannerindicatedinfigure1. Vortexgenerators,turningvaaes,
or surfaceroughnessmightreducetheseverityofthesep~atedconditions.

TheeffectofReyndldsnumberon testresultsof thistypeinletis
ofprimeimportance.ForthehighReynoldsnumbersof thisinvestigation
giveninthesectionentitled“ModelsndTests,”-aturbulentboundary
layerispresentonthesurfaceofthefuselage.At lowReynoldsnumbers
wherelaminarflowexists,however,thereisa greatertendencyforsepsra- .
tiontooccurduetopressurerise,suchasthatwhichtakesplacewhere
thecompressionwavescoalesceforthedesigncondition(pointB, fig.3).
Therefore,intestingcompletemodelsutilizingthistypeof inlet,the
effectofReynoldsnumbermaycompletelyalterthefinalresults.

SUMMARYOFlIESULTS

A preliminaryinvestigationhasbeenmadeof
scoopinletwithsweptsidesdesignedtohavelow
Mo s 2.7 and a =oo. Theinletwastestedwith

a rectangularsupersonic
externaldragat
simulatedfuselages

havingcircularendrectangularcrosssections.A pie-shapedwedgewhich
protrudedfromthesurfaceof thesimulatedfuselagebyvsryingamounts. wasinvestigatedasa variable-geometrydeviceinan attempttoobtain
somevariationofmassflowandto improvetheinletcharacteristics

●
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througha rangeofMachnumbers.Variousmethodsofboundary-layer
T.---

removalwereemployedwiththerectangular-fuselageconfiguration.The
followingresultswereobtainedfromthisinvestigation: .

(1)ThepointofmaximumpressurerecoveryoccurredJustbeforethe
onsetofbuzzorunsteadyflow. Themaximumvaluesoftotal-pressure
recoveryattainedat a wedgedeflectionof 0°andansingleof attack
of0°were0.90ata Machnumbero,f2.03,0.77ata M&chnumberof 2.7-1,
and0.58ata Machnumberof 3.12.Thesepressure-recoveryvaluesare
higherthanthemaximumveluesattainedwithconical“inletsdesignedfor
theseMachnumbers. ,

(2)Themass-flowratios~~ forthepointsofmaximumpressure
recoverygivenin (1)are0.60ata Machnumberof 2.03,0.$?2ata Mach
numberof2.71,and1.00ata Machnumberof 3.12.Whenanattemptis

—

madetoreducethesemass-flowratiosby increasedbackpressure,unsteady
floworbuzzphenomenaareencountered.

(3)Thegeneral.effectof angleofatt~ckistodecreasethepE~-
surerecoverya smallemount.

(4)Deflectionofthewedgegenerally”tiecreasestheinletentering -
massflowattheexpenseof a reductionintotal-pressurerecovery.The
maximumdecreaseinmass-flowratioobtainedata Machnumberof 2.(J3
wasapproximately0.12accompaniedby a decreaseintotal-pressure

.-

recoveryof0.03;fora Machnumberof 2.71themaximymdecreaseinmass-
.

flowratioobtainedwasapproximately0.16witha decreaseof0.10in
totsl-pressurerecovery.No variationininletenteringmassflowwas

—

possiblewithouttheuseofthewedge.

(5)ficreasiutherelativemassflowenteringthebleed-offslot
rob/mmhada negligibleeffectonthetotal-pressurerecoveryof the
inletata Machnumberof2.03.At a Machnumberof 2.71a significant
effectwasmeasuredwithan increaseintotal-pressur~recoveryof0.075

mb
beingobtainedfor — = 0.025.

%

(6) Thegeneral effeet of deflectingthewedge
fuselageata Machnumberof 2.03)wasto shiftthe
withinthesubsonicdiffuserfromtheupper‘surface

—.— —

(exceptforcircular .._
separatedregion
(nearestthewedge)
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of thediffuserto thelowersurface(continuouswtththecompression
surface)sndtherebychangetheMachnumberdistributioninthesub-
sonicdiffuser.

LsngleyAeronauticalLaboratory,—
NationelAdvisoryCommit&eforAeronautics,

LangleyField,Va.
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Figure2.-Startingphenomenaof inlets.
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.
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Figure6.-Schemtic drawing of test installation.
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Figure7.-Wedgesusedintests.
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Fi@e 8.- Shadowgraphsof inlet with circuler fuselage
Machnumbersandangles of attack.
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Figure8.-Continued.
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Fi~e lo L-76978.- Shadowgrayhsof inletwiththerectan@arfuselageinthe
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Machnumbersandanglesofattack.
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F@re 12.- Shadowgraphsof Inlet with the circular_fWelagefortwo
wedgedeflections.a = oo;~ = 2.03.
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Figure 13.- Shadowgraphsof inlet with the rectregular fuselage in the
flush condition andthe bleed-off slot sealed for two wedgedeflections.
a = OO;~ = 2.03.
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OCircubrfuselage
ARectangularfuselage

flushcondition,
bleedoff slotopen,
suctionapplied

LEonicalinletdesigned
foreachMachnumber

\

Machnumber,M.

Figure17.- VariationofmaximumpressurerecoverywithMachnuniberfor
a supersonic,swept,rectangularscoopinletdesignedfor ~ = 2.7
comparedto conicalinlets(refs.2 and5) designedforeachMach
numberindicated.a = 00●
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(b) a = Oo.

Figure18.- Continued.
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Figure 19.- Variationofpressurerecoverywithmass-flowratiofor
variouswedgedeflectionsandanglesof attack.~ = 2.03.
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Figure19.- Continued.
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Figure19.- Concluded.
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and
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Figure20..Continued.
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Figure21.- Variationofpressurerecovery
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attack.~ s 2,716
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Figure21. - Concluded.
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(b) Rectangular
slotsealed.

.2 .3 .4 .
Machnumber,M,

fuselage, flush conditim, bleed-off

Figure23.:Continued.
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Figure 23.- Concluded.
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Figure2k.- Machnumberdistributionattherskestationinthesubsonic
diffuser.a = 00;~ s 2.71.
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Figure24.- Continued.
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Figure24.- Concluded.
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